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Chapter  1 
Introduction 

1.1  Overview 

High  performance  GPS  receiving  antennas  (able  to  operate  at  1.227  and  1.575  GHz) 
are  in  large  demand  due  to  the  extensive  use  of  the  global  positioning  system  (GPS)in 
in  navigation  and  landing  systemsfl].  Since  the  GPS  satellites  transmit  right-handed 
circularly  polarized  (RHCP)  signals,  the  rejection  of  the  cross  polarized  (left-handed 
circularly  polarized,  LHCP)  signal  is  important  to  avoid  multi-path  problems.  A  GPS 
antenna  must  also  have  a  hemispherical  coverage  to  receive  signals  from  as  many  satel¬ 
lites  as  possible.  Printed  antennas  (microstrip  patches,  dipoles,  bow  ties,  etc.)  are 
one  class  of  antennas  heavily  used  for  this  application.  They  have  several  advantages 
over  other  antennas,  such  as  lightweight,  low  cost,  low  profile,  conformity  to  surface, 
compatible  with  printed  circuit  technology,  direct  integrability  with  microwave  cir¬ 
cuitry,  etc.  If  designed  correctly,  a  microstrip  patch  antenna  can  produce  a  broad 
beam  in  the  upper  hemisphere.  This  satisfies  the  required  hemispherical  coverage  for 
GPS  applications.  To  operate  at  the  LI  and  L2  GPS  frequencies,  it  is  common  to  use 
dual  frequency  patches  [2,  3].  However,  one  can  also  use  a  wideband  RHCP  antenna 
that  covers  both  GPS  frequencies.  Various  designs  for  this  type  of  printed  antenna 
can  be  found  in  the  literature. 

In  addition  to  the  above  requirements,  there  are  applications  where  a  GPS  antenna 
must  be  able  to  modify  its  pattern  in  the  neighborhood  of  the  horizon  to  avoid 
receiving  unwanted  (jamming)  signals.  The  conventional  approach  to  handle  jamming 
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signals  is  to  use  an  adaptive  array  to  cancel  the  unwanted  signal.  However,  the 
approach  proposed  here  is  based  on  the  use  of  a  reconfigurable  antenna  element  that 
can  modify  its  pattern  in  real  time.  The  concept  of  reconfigurable  antenna  elements  is 
the  subject  of  intense  research,  partly  due  to  the  development  of  RF  MEMS  that  can 
be  used  as  switches  [4].  The  switches  are  use  to  modify  the  shape/size  of  the  antenna 
element  and  thus  change  its  radiation  pattern.  The  scheme  presented  here  falls  into 
the  category  of  reconfigurable  antennas  because  we  propose  to  use  switches  to  change 
the  widths  of  parasitic  strips  and  modify  the  radiation  pattern  of  a  microstrip  patch 
in  real  time.  In  this  report  we  refer  to  the  switches  as  diodes,  however,  the  switches 
can  be  implemented  with  diodes,  transistors  or  MEMS. 

Previously,  we  presented  a  scheme  to  adaptively  control  the  surface  waves  excited 
within  the  dielectric  substrate  to  modify  the  antenna  radiation  pattern  [5].  The 
concept  is  based  on  the  idea  of  using  an  array  of  diode-loaded  metallic  strips  mounted 
on  the  same  substrate  as  the  microstrip  antenna  as  depicted  in  Figure  1.1.  The  diodes 
are  being  used  as  electrical  switches  and  are  assumed  to  have  two  operating  stages. 
Ideally,  the  “on”  stage  allows  the  currents  to  flow,  while  the  “off”  stage  does  not 
allow  any  current  flow  through  the  diode.  The  resultant  reconfigurable  antenna  has 
the  ability  to  selectively  change  its  radiation  pattern  depending  on  the  operating  stage 
of  the  diodes.  The  configuration  shown  in  Figure  1.1,  where  metallic  strips  are  placed 
along  the  radiating  edges  of  the  linearly  polarized  antenna,  has  the  ability  to  control 
its  E-plane  radiation  pattern  while  minimizing  any  changes  in  the  H-plane  radiation 
pattern  [6]. 

The  ability  to  control  both  the  E-  and  H-plane  patterns  by  placing  strips  around 
the  patch  antenna  (along  the  radiating  edges  and  non-radiating  edges)  is  important 
for  practical  applications  and  is  discussed  in  Chapter  2  and  the  proposed  scheme  is 
shown  in  Figure  1.2.  It  has  been  found  that  the  width  and  length  of  the  strips  are 
the  most  critical  parameters  of  the  design.  [7]  It  is  also  noticed  that  there  is  a  strong 
coupling  between  the  patch  and  the  four  strips  if  the  spacing  (between  the  patch  and 
each  strip)  is  less  than  approximately  0.2A d-  As  in  the  case  depicted  in  Figure  1.1,  the 
radiation  pattern  of  the  antenna  shown  in  Figure  1.2  can  be  changed  dramatically  by 
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Figure  1.1:  Linearly  polarized  microstrip  antenna  with  an  array  of  diode-loaded  metal 
strips  along  the  radiating  edges  of  the  patch  (top  view) 


varying  the  width  of  the  four  strips.  However,  the  length  of  the  strips  also  becomes 
important  in  this  latter  case.  The  reason  for  this  behavior  can  be  easily  explained 
by  comparing  the  two  configurations  (Figure  1.1  and  Figure  1.2).  The  length  of  the 
strips  in  Figure  1.1  can  be  extended  further,  and  it  is  found  that  the  strip  length  has 
a  small  effect  on  the  radiation  pattern  when  it  is  greater  than  approximately  1.2A d- 
On  the  other  hand,  the  length  of  the  strips  in  Figure  1.2  cannot  be  extended  further 
because  the  strips  will  eventually  come  into  electrical  contact  (touch  each  other)  as 
their  lengths  increase.  This  is  undesirable  because  the  current  distribution  on  the 
four  strips  can  change  dramatically  when  they  become  electrically  connected  and  will 
modify  the  radiation  pattern. 

As  mentioned  before,  GPS  satellites  transmit  RHCP  signals,  and  hence,  the  re¬ 
ceiving  antenna  must  also  be  RHCP.  Thus,  it  is  necessary  to  investigate  the  ability 
to  control  the  radiation  pattern  of  a  circularly  polarized  antenna  with  the  scheme 
proposed  here.  This  is  done  in  Chapter  3  and  the  scheme  is  shown  in  Figure  1.3. The 
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(a)  Metallic  Strips  (b)  Diode-loaded  metallic  strips 


Figure  1.2:  Linearly  polarized  microstrip  antenna  with  an  array  of  (a)  metallic  strips 
and  (b)  an  array  of  diode-loaded  metallic  strips  around  the  patch  (top  view) 

main  difference  between  the  configurations  for  the  linearly  and  circularly  polarized 
antennas  is  that  in  the  latter  case  all  the  strips  are  in  electrical  contact  forming  a  ring 
around  the  patch.  This  is  expected  because  the  patch  is  radiating  at  all  four  edges 
for  circular  polarization.  Hence,  a  symmetric  structure  around  the  patch  is  required 
to  contribute  equally  to  the  radiation  pattern. 

One  disadvantage  of  the  above  configurations  is  the  overall  size  of  the  antenna 
element.  In  order  to  reduce  the  size  other  schemes  need  to  be  explored.  One  such 
scheme  is  presented  in  Chapter  4.  The  reconfigurable  antenna  discussed  in  that 
chapter,  which  is  depicted  in  Figure  1.4  and  1.5,  has  a  smaller  overall  size. 

With  this  new  scheme  the  metallic  ring  is  able  to  control  the  antenna  pattern 
beamwidth  at  both  GPS  frequencies  simultaneously.  The  idea  is  based  on  increasing 
the  strength  of  the  surface  waves  which  in  turn  decreases  the  width  of  the  metallic  ring 
and  yields  a  smaller  structure.  The  results  presented  in  Chapter  4  are  preliminary 
because  further  study  is  needed  to  fully  understand  the  behavior  of  this  antenna. 
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(a)  Metallic  ring 


(b)  Diode-loaded  metallic  rings 


Figure  1.3:  Circularly  polarized  microstrip  antenna  with  (a)  a  metallic  ring  and  (b) 
an  array  of  diode-loaded  metallic  strips  (top  view) 

Finally,  in  Chapter  5  some  concluding  remarks  are  given  and  the  future  direction  for 
this  research  topic  is  discussed. 

Another  important  consideration  that  needs  to  be  considered  is  the  applicability 
of  the  above  reconfigurable  antenna  elements  for  array  applications.  The  initial  mo¬ 
tivation  for  this  research  was  the  development  of  an  reconfigurable  antenna  element 
that  could  replace  an  adaptive  array.  If  the  antenna  elements  proposed  here  were  to 
be  used  in  an  array,  they  would  be  designed  with  a  high  gain  (narrow  beamwidth)  to 
avoid  the  problem  of  grating  lobes.  In  other  words,  a  reconfigurable  antenna  element 
would  play  the  role  of  a  sub-array  in  a  large  array  configuration. 

Note  that  all  the  antenna  configurations  in  this  report  are  analyzed  with  a  3-D 
finite  difference  time  domain  (FDTD)  code  developed  at  the  ElectroScience  Labo¬ 
ratory  [8].  In  this  study,  the  “on”  stage  of  the  switches  is  modeled  by  thin  wires 
connecting  the  metallic  strips.  When  the  switches  are  “off”,  the  thin  wires  are  re¬ 
moved  from  the  model.  Obviously  this  model  assumes  the  switches  are  ideal.  A  more 
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(a)  Top  View 


(b)  Side  View 


(c)  Bottom  View 


Figure  1.4:  Circularly  polarized  microstrip  antenna  with  ground  plane  that  is  smaller 
than  the  metallic-ring  around  the  patch 


realistic  model  would  have  to  take  into  account  the  actual  performance  of  the  switch 
being  used  (diode,  MEMS,  etc.). 

1.2  Technology  Transition 

•  Customer:  Mr.  Todd  Jenkins 
AFRL/SNAR 

Reference  Systems  Branch 
2241  Avionics  Circle  Suite  19 
WPAFB  OH  45433-7321 

Voice:  (937)255-5668  /  DSN  785-5668  x4138 
Fax:  (937)656-4301  /  DSN  786-4301 
E-mail:  Todd.Jenkins@sn.wpafb.af.mil 

•  Results:  Reconfigurable  printed  antenna  element  (linearly  and  circularly  polar¬ 
ized)  whose  radiation  pattern  can  be  modified  in  real  time. 

•  Application:  GPS  applications  in  the  presence  of  jamming  signals 
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dielectric  substrate 

Figure  1.5:  Circularly  polarized  microstrip  antenna  with  small  ground  plane  and 
diode-loaded  metallic  rings  around  the  patch  (top  view) 
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Chapter  2 


Linearly  Polarized  Antenna 
Element 

2.1  Introduction 

The  design  procedure  for  typical  linearly  polarized  rectangular  microstrip  antennas 
can  be  found  in  the  literature  [2,  3,  9].  The  analysis  and  design  of  the  parasitic  strips 
(width,  length,  spacing  )  for  strips  along  the  radiating  edges  of  the  patch  (Fig.  1.1) 
are  carried  out  in  [6].  In  that  report,  we  showed  the  ability  of  diode-loaded  metallic- 
strips  to  adaptively  control  surface  waves,  and  therefore,  modify  the  E-plane  radiation 
pattern. 

In  this  chapter,  a  scheme  that  is  able  to  control  both  the  El-  and  H-plane  patterns 
of  a  linearly  polarized  patch  antenna  using  surface  waves  is  presented.  The  antenna 
plus  the  parasitic  strips  are  shown  in  Figure  1.2,  A  parametric  study  is  conducted 
to  determine  the  effect  of  the  various  strip  parameters  (width,  length  and  separation 
from  patch)  on  the  radiation  patterns.  Finally,  two  design  examples  are  presented  to 
show  the  significant  changes  that  can  be  achieved  in  the  radiation  patterns  in  both  the 
E-  and  H-planes  by  effectively  changing  the  strip  dimensions  using  a  set  of  switches. 
As  mentioned  before,  this  type  of  antenna  is  referred  to  as  a  reconfigurable  antenna. 

The  following  parametric  study  is  important  in  the  design  of  a  reconfigurable 
antenna  element.  The  information  gained  with  this  study  will  be  used  to  design  the 
parasitic  strips  and  the  optimal  placement  of  the  switches. 
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2.2  Parametric  Study  -  Strip  Width 


In  this  section,  the  effect  of  the  strip  width  on  the  antenna  performance  is  inves¬ 
tigated.  In  a  parametric  study  of  the  width  of  a  pair  of  strips  (one  on  each  side 
of  the  radiating  edges  of  the  patch)  conducted  in  [6],  it  was  shown  that  when  the 
strip  width  is  electrically  small,  the  substrate  and  parasitic  strips  act  like  a  surface 
wave  guiding  structure,  making  the  surface  waves  stronger  which  distort  the  radia¬ 
tion  pattern.  However,  when  the  strip  width  becomes  electrically  large,  this  guiding 
structure  no  longer  supports  surface  waves,  it  supports  leaky  waves.  Energy  leaks  out 
and  contributes  constructively  to  the  main-beam.  Therefore,  the  resultant  antenna 
pattern  has  a  higher  gain  and  lower  side  and  back  lobes.  Note  that  in  the  analysis 
carried  in  [6],  the  strip  length  was  assumed  to  be  infinitely  long  (2-D  model).  Since 
we  cannot  use  2-D  models  for  the  four  strip  case,  we  are  forced  to  used  3-D  models 
using  a  3-D  FDTD  code. 

If  we  carefully  examine  Figures  2.1  and  2.2,  we  observe  that  the  antenna  patterns 
do  not  change  significantly  when  the  strip  width  is  electrically  small.  When  the  strip 
width  increases  to  approximately  Xd  (A d  =wavelength  inside  substrate),  the  resultant 
patterns  show  dramatical  changes.  The  above  phenomena  is  similar  to  the  two-strip 
case  [6].  However,  the  antenna  patterns  in  this  case  start  to  change  again  when 
the  width  of  the  strips  continue  to  increase  beyond  a  certain  point-  This  is  not  the 
same  effect  as  in  the  two-strip  case  where  the  antenna  patterns  stay  fairly  constant 
as  the  strip  width  continues  to  increase  beyond  a  certain  critical  dimension.  Hence, 
it  can  be  concluded  that  the  length  of  all  four  strips,  including  the  strips  along  the 
non-radiating  edges  have  a  strong  effect  on  the  resultant  antenna  patterns. 

2.3  Parametric  Study  -  Strip  Length 

An  empirical  analysis  of  the  length  of  the  parasitic  strips  near  the  radiating  edges  of 
a  microstrip  antenna  has  been  carried  out  in  [6].  It  was  found  that  the  strip  length 
affected  the  transition  region  (frequency  region  where  surface  waves  change  to  become 
leaky  waves).  However,  it  is  mentioned  in  Section  2.2  that  the  length  of  the  strips 
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E— (  cr-  —  0°  )  Ant»nna  R«tt«»rr»  *t  tr«cj  —  1.227  GMz  <  W.,  —  0.06  cm.  S1  —  3.22  cm  > 


Figure  2.3:  Parametric  Study  -  Strip  Length:  four-strip  antenna  E-plane  pattern  with 
Si  =  0.4Ad  ,  Wi  —  l.OAd  and  varies  from  0.8  to  1.2Ad 

cannot  be  arbitrarily  extended  in  the  four-strip  case.  Since  the  length  and  the  width 
of  the  strips  are  comparative  in  magnitude,  it  is  not  easy  to  isolate  the  effect  caused 
by  each  of  these  two  strip  parameters.  This  point  becomes  clear  when  comparing 
Figures  2.1  and  2.4.  Hence,  the  two  parameters  must  be  designed  together,  making 
the  design  procedure  more  complicated. 

2.4  Parametric  Study  -  Strip  Separation 

In  this  section,  the  effect  of  the  separation  of  the  four  strips  (from  the  patch  edges)  on 
the  far-zone  field  behavior  of  the  antenna  is  studied.  It  can  be  seen  from  Figures  2.5 
and  2.6  that  the  antenna  patterns  do  not  change  significantly  when  the  separation  is 
greater  than  approximately  0.2Ad.  This  is  consistent  with  the  two-strip  case.  Note 
that  the  E-plane  pattern  for  the  S\  =  0.2A<*  case  is  different  from  the  other  two  cases 
where  the  edge  to  strip  separation  is  larger.  This  effect  can  be  understood  by  keeping 
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H-Plon«  (  «*>  —  00°  )  Antenna  rn  at  frocj  —  1  .227’  QMz  (  —  8  06  cm.  S 1  —  3.22  cm  ) 


Figure  2.4:  Parametric  Study  -  Strip  Length:  four-strip  antenna  H-plane  pattern  with 
Si  =  0.4Ad  ,  Wi  =  1.0Ad  and  h  varies  from  0.8  to  1.2Ad 

in  mind  that  the  strips  are  strongly  coupled  with  the  patch  antenna,  and  hence,  have 
a  much  stronger  effect  on  the  field  behavior. 

2.5  Reconfigurable  Antenna  Element 

In  this  section,  two  design  examples  are  presented  to  illustrate  the  application  of 
the  present  scheme  in  the  design  of  a  reconfigurable  antenna  microstrip  element. 
The  design  procedure  consists  of  a  number  of  steps  which  are  listed  below.  The 
first  step  is  to  design  four  metal  strips  such  that  the  resultant  radiation  pattern  is 
significantly  modified  from  the  original  pattern  (without  strips).  This  implies  that 
we  are  scattering  a  significant  portion  of  the  surface  waves.  This  scatter  energy  can 
then  be  used  to  modify  the  pattern  in  an  adaptive  fashion.  The  next  step  is  to 
divide  the  metallic  strips  into  smaller  pieces  and  connect  them  with  switches.  The 
switches  can  be  diodes,  transistor  or  RF  MEMS.  As  mentioned  before,  in  this  study 
we  are  assuming  the  switches  are  ideal  and  are  modeled  by  thin  wires  when  they  are 
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Figure  2.6:  Parametric  Study  -  Strip  Separation:  four-strip  antenna  H-plane  pattern 
with  l\  =  0.8Ad  ,  W\  =  l.OAd  and  S\  varies  from  0.2  to  0.4A<f 
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in  the  "on”  state.  The  wires  are  removed  when  the  switches  are  on  the  “off”  state. 
The  key  to  this  step  is  the  way  in  which  the  strips  are  divided  and  the  location  and 
number  of  the  switches.  At  this  stage  of  the  research,  this  is  being  done  by  performing 
parametric  studies  on  the  dimensions  of  the  strips. 

The  final  step  is  to  connect  the  smaller  strips  back  together  by  turning  the  switches 
on.  To  obtain  the  same  effect  between  a  solid  strip  without  any  switches  and  the  same 
strip  divided  into  several  smaller  strips  connected  with  switches,  the  switches  have  to 
be  spaced  at  around  O.IA^.  This  result  was  obtained  in  previous  studies  by  numerical 
experimentation.  The  radiation  pattern  of  the  antenna  can  then  be  modified  by- 
turning  the  switches  “on”  and  “off” .  In  other  words,  the  switches  are  used  to  change 
in  real  time  the  dimensions  of  the  parasitic  strips. 

The  first  design  shows  the  adaptive  feature  in  the  E-plane  antenna  pattern  (Fig¬ 
ure  2.7)  while  the  H-plane  radiation  pattern  does  not  have  any  significant  change 
(Figure  2.8).  The  structure  on  the  left  in  Figure  2.7  represents  the  case  when  all  the 
diodes  are  “on”,  while  the  middle  structure  in  the  same  figure  represents  the  case 
when  all  the  diodes  are  “off”.  Note  the  dramatic  change  in  the  radiation  patterns 
between  the  “on”  and  “off”  stages  of  the  diodes. 

The  second  design  shows  the  adaptive  feature  in  the  H-plane  antenna  pattern 
(Figure  2.9)  while  the  E-plane  radiation  pattern  does  not  have  any  significant  change 
(Figure  2.10). 

The  above  example  shows  that  the  radiation  pattern  in  either  the  E-plane,  H- 
plane,  or  both,  can  be  significantly  modified  by  the  switches  placed  between  the 
parasitic  strips.  For  an  actual  application,  the  strips  and  switches  would  have  to  be 
designed  to  achieve  the  desired  change  in  the  pattern. 
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Figure  2.8:  Calculated  H-plane  radiation  pattern  for  design  1 
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Chapter  3 

Circularly  Polarized  Antenna: 

Large  Ground  Plane  Case 

3.1  Introduction 

It  is  well  known  that  a  single  probe-feed  rectangular  microstrip  antenna  can  be  de¬ 
signed  for  circular  polarization  with  an  adequate  ratio  between  width  and  length  [10]. 
In  this  chapter,  a  scheme  (Figure  1.3)  is  developed  to  modify  in  real  time  the  radi¬ 
ation  patterns  of  such  microstrip  antenna.  The  scheme  consists  in  adding  metallic 
rings  around  the  central  patch.  Due  to  the  presence  of  the  metallic-rings,  the  field 
behavior  of  the  antenna  changes.  The  level  of  change  in  the  radiation  patterns  of  the 
microstrip  antenna  is  dependent  on  the  width  and  number  of  rings  and  the  distance 
(separation)  between  the  rings  and  the  edges  of  the  patch. 

Note  that  we  have  initially  carried  out  the  analysis  at  the  L2  GPS  frequency  (1.227 
GHz)  as  a  first  step.  First,  two  metallic  rings  connected  by  switches  are  designed  to 
provide  the  adaptive  feature  at  the  lower  L2  frequency.  The  same  structure  will  them 
be  tested  to  see  if  it  can  also  operate  at  the  LI  frequency.  In  other  words,  we  are 
interested  in  the  frequency  bandwidth  the  parasitic  rings. 

3.2  Parametric  Study  -  Ring  Width 

In  the  two  and  four-strip  cases,  the  width  of  the  strips  is  the  most  critical  parameter 
in  determining  the  antenna  pattern  behavior  on  a  linearly  polarized  patch  antenna. 
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Erhcp  ■n1«nna  pattern  at  freq  —  1  .227  QH*  (  <*>  — >  00°  ) 


Figure  3.1:  Parametric  Study  -  Ring  Width:  -  Erhcp  antenna  pattern  in  0  =  ±90° 
plane  with  S\  =  0.4  Xd  and  W\  varies  from  0.6  to  1.2  \d 

This  is  also  true  for  circularly  polarized  antennas,  namely,  the  width  of  the  metal  ring 
has  the  most  significant  effect  on  the  overall  antenna  performance. 

When  the  ring  width  is  electrically  small,  the  ring  does  not  have  any  significant 
effect  on  the  microstrip  antenna.  The  resultant  antenna  pattern  has  similar  ” shape” 
as  the  antenna  pattern  without  the  ring  as  shown  in  Figure  3.1  where  the  pattern 
is  taken  in  the  4>  —  ±90°  plane.  When  the  width  of  the  metallic-ring  increases,  the 
resultant  antenna  pattern  has  a  ”  flat-top”  in  the  broadside  direction  and  becomes 
more  directive.  Thus  the  ring  width  has  similar  effect  on  the  antenna  as  the  two-strip 
case  described  in  [6].  While  the  Erhcp  is  changed  due  to  the  variation  of  the  ring 
width,  the  cross  polarized  field  (E lhcp)  remains  small  as  shown  in  Figure  3.2. 

The  antenna  patterns  in  the  (<j)  =  0°  —  180°)  plane  are  also  shown  in  Figures  3.3 
and  3.4.  Due  to  the  symmetry  of  the  structure,  it  can  be  seen  that  the  metallic-ring 
width  has  the  same  effect  on  the  other  plane  as  well.  However,  the  antenna  patterns 
are  not  as  symmetry  as  one  may  expect.  This  is  because  the  feed  point  is  in  the 
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Figure  3.2:  Parametric  Study  -  Ring  Width:  -  E lhcp  antenna  pattern  in  4>  —  ±90° 
plane  with  Si  =  0.4  A<f  and  W\  varies  from  0.6  to  1.2  \d 

neighborhood  of  the  diagonal,  near  a  corner  of  the  microstrip  antenna.  Therefore, 
the  probe  effect  is  slightly  different  in  the  two  planes. 

3.3  Parametric  Study  -  Ring  Separation 

The  far-zone  field  behavior  as  a  function  of  the  separation  of  the  metal-ring  from 
the  edge  of  the  circularly  polarized  patch  is  briefly  discussed  in  this  section.  From 
Figures  3.5-  3.6,  it  can  be  observed  that  varying  the  separation  between  the  metallic 
ring  and  antenna  does  not  cause  a  significant  change  in  the  antenna  pattern  once 
the  separation  exceeds  approximately  0.2A <*.  Similar  behavior  was  also  observed  in 
previous  cases.  • 
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Figure  3.3:  Parametric  Study  -  Ring  Width:  -  E rhcp  antenna  pattern  in  <j>  =  0°  — 180° 
plane  with  S\  =  0.4  A^  and  W\  varies  from  0.6  to  1.2  A d 


Figure  3.4:  Parametric  Study  -  Ring  Width:  -  E lhcp  antenna  pattern  in  <t>  =  0°  — 180° 
plane  -with  S\  =  0.4  A^  and  W\  varies  from  0.6  to  1.2  '\d 
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3.4  Reconfigurable  Antenna  Element:  L2  GPS  Fre¬ 
quency 

In  this  section,  an  example  is  presented  to  illustrate  the  application  of  the  adaptive 
scheme  to  a  circularly  polarized  microstrip  element.  The  design  procedure  is  the  same 
as  the  one  mentioned  previously  for  the  two  and  four-strip  cases  (Section  2.5),  namely, 
the  metallic  ring  is  divided  into  two  or  more  rings  and  connected  with  switches. 
However,  there  is  an  important  difference  from  previous  cases,  namely,  the  microstrip 
antenna  used  here  is  feed  by  two  probes  instead  of  one.  The  reason  for  using  two 
probes  is  to  obtain  a  more  symmetric  pattern  in  terms  of  the  azimuthal  angle.  Unless 
otherwise  mentioned,  all  the  results  in  the  rest  of  this  report  are  for  a  two-probe  CP 
microstrip  antenna. 

In  the  following  examples  the  only  operating  states  of  the  ring  to  be  considered 
are  when  all  the  switches  are  “on”  and  all  the  switches  are  “off” .  Obviously,  there  are 
many  other  operating  states  corresponding  to  the  situation  when  only  a  portion  of 
the  switches  are  “on”  and  the  rest  are  “off” ,  however,  they  will  not  be  considered  in 
this  report.  The  large  single  ring  represents  the  case  when  all  the  switches  are  “on”, 
w’hile  the  two  concentric  smaller  rings  represent  the  case  when  all  the  switches  are 
“off”.  It  should  be  kept  in  mind  that  the  position  and  number  of  switches  has  not 
been  optimized.  The  results  presented  here  are  only  to  demonstrate  the  feasibility 
of  this  scheme.  Note  that  the  ring  parameters  in  the  following  examples  are  defined 
with  respect  to  the  origin  of  the  coordinate  system  and  are  independent  of  the  size 
of  the  microstrip  antenna.  This  is  contrast  to  all  the  previous  examples  where  the 
ring  dimensions  wrere  defined  with  respect  to  the  microstrip  patch  antenna.  From 
Figures  3.7  and  3.8,  we  notice  that  while  the  right-hand  circularly  polarized  pattern 
changes  between  the  two  cases  described  above,  the  cross  polarized  component  (left- 
hand  circularly  polarized  pattern)  remains  at  a  fairly  low  level.  For  completeness, 
radiation  patterns  for  the  patch  antenna  by  itself  are  also  included  in  Figures  3.7- 
3.8.  It  is  clear  that  the  metallic-ring  structure  has  the  ability  to  change  the  beamwidth 
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of  the  E rhcp  pattern  while  keeping  the  E lhcp  pattern  at  a  low  level  (approximately 
10  dB  lower  at  broadside  with  respect  to  the  E rhcp  component). 

3.5  Reconfigurable  Antenna  at  LI  GPS  Frequency 

The  first  goal  of  this  section  is  to  access  the  performance  of  the  ring  structure  in¬ 
troduced  in  the  previous  section  for  operation  at  the  higher  LI  frequency.  Since  the 
circularly  polarized  microstrip  antenna  at  1.575  GHz  is  smaller  than  the  antenna  de¬ 
signed  to  operate  at  1.227  GHz,  the  separation  between  the  ring  and  the  antenna  is 
different  for  the  case  being  considered  in  this  section. 

The  patterns  of  the  RHCP  and  LHCP  components  at  the  higher  frequency  (LI) 
are  depicted  in  Figures!  3. 9-3.9.  Notice  that  the  beamwidth  of  the  RHCP  component 
does  not  change  very  much  between  the  two  operating  states  of  the  parasitic  ring 
when  used  at  the  LI  frequency.  To  have  a  significant  effect  on  the  pattern,  it  is 
necessary  to  modify  the  placement  of  the  switches  and  the  widths  of  the  two  metallic 
rings.  Increasing  S3  and  S4,  while  decreasing  Wx  and  W2  to  keep  the  overall  width 
of  the  structure  the  same  yields  the  patterns  depicted  in  Figures  3.11-3.12.  It  can  be 
observed  that  the  beamwidth  of  the  RHCP  component  can  be  modified,  especially 
around  ±90°  where  a  change  of  around  5  dB  is  obtained.  The  cross-polarized  com¬ 
ponent  (LHCP)  remains  at  a  lower  level,  although  it  increases  in  magnitude  for  the 
two  ring  case  (all  switches  “off”).  This  is  to  be  expected  because  the  design  has  not 
been  optimized. 

When  this  ring  structure  is  applied  back  to  the  RHCP  microstrip  antenna  at 
1.227  GHz  (Figures  3.13-3.14),  the  change  in  the  main  beam  pattern  of  the  RHCP 
component  is  not  the  desired  one.  This  indicates  that  further  study  is  needed  to 
obtain  an  optimum  placement  of  the  switches  to  be  able  to  control  the  pattern  at  LI 
and  L2  simultaneously. 

To  conclude,  the  ability  of  the  metallic-ring  structure  to  control  the  antenna  pat¬ 
tern  (E rhcp)  is  established.  The  optimal  design  of  the  number  and  placement  of  the 
switches  that  yield  a  ring  able  to  operate  simultaneously  at  LI  and  L2  frequencies 
requires  further  study.  In  the  next  chapter,  a  new  scheme  is  presented  in  the  attempt 
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Figure  3.7:  Calculated  E rhcp  antenna  pattern  at  <j)  =■  90°  and  /  =  1.227  GHz  for 
the  adaptive  circularly  polarized  patch  antenna  (Design  1). 
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Figure  3.8:  Calculated  E lhcp  antenna  pattern  in  <j>  =  ±90°  plane  at  /  =  1.227  GHz 
for  the  adaptive  circularly  polarized  patch  antenna  (Design  1). 

to  improve  the  dual  frequency  operation  property  of  the  present  scheme  as  well  as  to 
reduce  the  overall  size  of  the  antenna. 


25 


Magnitude  (dB) 


antenna  pattern  at  freq  =  1 .575  GHz  (  0  =  90  ) 


0.00  cm,  S2  =  0.00  cm,  W1  =  0.00  cm  ( No  Ring ) 

5.30  cm,  S2  =  4.83  cm,  W1  =  8.06  cm  ( One  Ring  ) 

5.30  cm,  S,  =  4.83  cm,  W.  =  3.22  cm,  S,  =  S .  =  1 .61  cm,  W„  =  3.22  cm  ( Two  Rings ) 


Figure  3.9:  Calculated  E rhcp  antenna  pattern  in  <f>  =  ±90°  plane  at  /  =  1.575  GHz 
for  the  adaptive  circularly  polarized  patch  antenna  (Design  1). 
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Figure  3.10:  Calculated  E lhcp  antenna  pattern  in  =  ±90°  plane  at  /  =  1.575  GHz 
for  the  adaptive  circularly  polarized  patch  antenna  (Design  1). 
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Magnitude  (dB) 


Magnitude  (dB) 


Magnitude  (dB) 


Eu|HC;f,  antenna  pattern  at  fracj  —  1  .227  GHz  (<*>•»  00°  > 


Figure  3.14:  Calculated  E lhcp  antenna  pattern  in  <j>  =  ±90°  plane  at  /  =  1.227  GHz 
for  the  adaptive  circularly  polarized  patch  antenna  (Design  2). 
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Chapter  4 

Circularly  Polarized  Antenna: 

Small  Ground  Plane  Case 

4.1  Introduction 

In.  the  previous  chapter,  we  presented  a  circularly  polarized  reconfigurable  planar 
microstrip  antenna.  Although  the  proposed  scheme  shows  the  ability  to  control  the 
beamwidth  of  the  antenna  at  both  GPS  frequencies,  the  overall  size  of  the  antenna  is 
large.  It  also  appears  that  it  may  be  difficult  to  use  the  same  operating  state  of  the 
parasitic  rings  to  control  both  frequencies  (L1/L2)  at  the  same  time.  To  overcome 
the  above  problems,  an  alternative  configuration  is  proposed  in  this  chapter. 

To  improve  the  previous  scheme  it  is  necessary  to  increase  the  strength  of  the 
surface  waves  which  will  result  in  a  smaller  metallic  ring.  The  resulting  metallic-ring, 
whose  typical  width  is  around  0.1  at  1.227  GHz ,  is  shown  in  Figure  1.4.  The 
important  feature  of  this  design  is  the  fact  that  the  ring  is  larger  than  the  ground 
plane  for  the  microstrip  antenna.  Since  the  ring  is  fairly  thin,  it  can  easily  be  divided 
into  smaller  pieces  and  connected  with  switches  as  depicted  in  1.5.  The  antenna 
pattern  beamwidths  can  then  be  modified  by  controlling  the  “on”  and  “off”  states  of 
the  switches. 

This  new  scheme  has  two  important  advantages  over  previous  designs.  First  of  all, 
the  overall  size  of  the  antenna,  including  the  rings  is  smaller  than  previous  designs. 
Secondly,  since  the  width  of  the  ring  is  smaller,  it  is  much  easier  to  determine  the 
placement  of  the  switches  to  simultaneously  control  the  antenna  pattern  beamwidth 
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at  the  two  GPS  frequencies.  Preliminary  results  of  a  simple  parametric  study  are 
presented  in  the  next  section  followed  by  examples  where  various  operating  states  of 
the  ring  are  studied  to  determine  its  effect  on  the  radiation  pattern. 

4.2  Preliminary  Analysis 

A  parametric  study  of  the  present  scheme  is  very  complicated.  This  is  true  because 
the  performance  of  the  resultant  reconfigurable  antenna  element  depends  on  a  large 
number  of  parameters  (ground  plane  size,  width  and  diameter  of  metal  ring,  horizontal 
distances  between  the  edges  of  the  ground  plane  and  the  inner  edges  of  the  metallic- 
ring,  etc.).  In  this  section,  we  perform  a  preliminary  study  on  the  general  behavior 
of  the  present  configuration. 

All  the  adaptive  schemes  that  we  presented  are  based  on  the  idea  of  changing  the 
surface  wave  behavior  within  the  dielectric  substrate  to  shape  the  radiation  patterns. 
Thus,  most  of  these  schemes  perform  well  when  stronger  surface  waves  are  excited. 
This  is  especially  true  for  the  present  scheme.  The  strength  of  the  surface  waves  can 
be  increased  by  decreasing  the  size  of  the  ground  plane  such  that  a  portion  of  the 
substrate  between  the  antenna  and  the  parasitic  ring  is  without  any  metallic  cover. 
We  can  easily  understand  the  advantage  of  this  such  a  structure  by  considering  a 
dielectric  waveguide  with  and  without  a  ground  plane  (see  Figures  4.1)  [11].  The 
dielectric  waveguide  without  ground  plane  supports  even  and  odd  TMX>Z  and  TEXjZ 
modes,  while  the  grounded  dielectric  waveguide  only  supports  odd  TMX<Z  and  even 
TEX,Z  modes  (half  the  modes  of  the  former  waveguide).  Thus,  it  is  expected  that  for 
the  same  substrate  thickness,  the  dielectric  waveguide  without  ground  plane  supports 
stronger  surface  waves  than  the  latter  waveguide.  Keeping  this  in  mind,  the  ground 
plane  of  the  microstrip  antenna  has  to  be  carefully  designed  to  achieve  the  above 
waveguide  with  the  proper  length  and  thickness.  At  the  present  time,  this  is  done 
in  the  computer  performing  a  parametric  study  to  determine  the  proper  dimensions 
of  the  ground  plane.  Figure  4.2  shows  radiation  patterns  as  a  function  of  the  size  of 
the  ground  plane.  It  can  be  observed  that  the  radiation  pattern  can  be  significantly 
modified  by  varying  the  dimensions  of  the  ground  plane  and  the  dielectric  waveguide. 
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substrate 


plane  substrate 


(a) 


(b) 


Figure  4.1:  Geometry  for  (a)  dielectric  slab  waveguide  without  a  ground  plane  and 
(b)  grounded  dielectric  waveguide 


After  obtaining  a  desired  ground  plane  size,  the  next  step  is  to  place  a  metallic- 
ring  on  the  substrate  around  the  microstrip  antenna.  By  doing  so,  the  characteristics 
of  the  surface  waves  can  be  modified.  The  amount  of  the  changes  depends  on  the 
width  of  the  ring  and  the  horizontal  distance  between  the  ring  and  the  outer  edge 
of  the  ground  plane.  As  mentioned  above,  it  is  important  to  have  such  a  spacing 
between  the  two  in  order  for  the  present  scheme  to  work. 

The  last  step  is  to  design  the  location  and  number  of  switches  on  the  metallic 
ring  such  that  the  resultant  antenna  element  has  the  ability  to  modify  its  pattern 
beamwidth  by  controlling  the  operation  of  the  switches.  Of  course,  there  are  many 
different  ways  that  the  switches  can  be  placed  on  the  metallic  ring,  however,  due  to 
the  small  width  of  the  ring,  placing  the  switches  along  the  circumference  of  the  ring 
appears  to  be  the  logical  approach.  A  rigorous  approach  requires  an  analysis  of  the 
induced  current  behavior  on  the  ring.  Thus,  if  we  wanted  to  have  a  large  (small) 
variation  in  the  antenna  pattern,  then  we  would  place  the  switches  at  the  positions 
where  there  exist  current  peaks  (nulls).  However,  at  the  present  time,  we  place  the 
switches  by  trail  and  error.  An  example  is  given  in  Figures  4.3-  4.4  for  the  L2  GPS 
frequency  while  Figures  4.5-  4.6  show  results  for  the  higher  LI  GPS  frequency.  From 
these  figures,  we  can  see  that  a  drastic  change  in  the  antenna  pattern  occurs  with 
only  small  changes  in  the  placement  of  the  switches  on  the  metallic-ring  structure. 
Note  that  it  is  important  to  examine  the  behavior  at  both  GPS  frequencies  for  dual 
frequency  operation. 
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Magnitude  (dB) 


Magnitude  (dB) 


Magnitude  (dB) 


Figure  4.5:  Radiation  pattern  of  Erhcp  in  ±90°  plane  as  a  function  of  ring  dimensions 
li  and  l2,  LI  band 


Magnitude  (dB) 
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4.3  Design  of  Metallic  Ring  for  Simultaneous  Op¬ 
eration  at  L1/L2  Frequencies 

In  this  section,  an  example  is  presented  to  illustrate  the  application  of  the  present 
scheme  to  two  GPS  antennas  operating  at  LI  and  L2,  respectively.  Figure  4.7  shows 
the  ability  of  the  present  scheme  to  control  the  antenna  pattern  at  1.227  GHz,  while 
Figure  4.8  shows  the  pattern  control  ability  of  the  same  ring  structure  applied  to  the 
1.575  GHz  RHCP  microstrip  antenna.  The  structure  shown  in  the  lower  right  corner 
of  the  two  figures  represents  the  state  when  all  the  switches  are  off.  The  structure 
shown  in  the  lower  left  corner  of  the  same  two  figures  corresponds  to  the  state  wrhen 
all  switches  are  “on” .  When  the  switches  are  turned  off,  the  beamwidths  of  the  two 
right-hand  circularly  polarized  antenna  patterns  (1.227  and  1.575  GHz)  decrease  and 
vice  versa.  In  addition,  the  cross  polarized  (left-hand  circularly  polarized)  patterns 
do  not  change  significantly  and  remain  at  a  low  level  as  shown  in  Figures  4.9  and  4.10. 
Note  that  the  cross  polarized  pattern  levels  may  not  be  low  enough,  but  this  is  mainly 
due  to  the  design  of  the  two  circularly  polarized  antennas.  Since  the  ability  to  adap¬ 
tively  control  the  antenna  patterns  is  the  main  interest  in  the  current  research,  the 
two  RHCP  microstrip  antennas  are  not  designed  for  optimum  performance.  A  more 
sophisticated  feeding  structure  may  be  required  to  improve  the  performance  of  the 
antenna  elements,  however,  that  is  not  the  goal  of  this  research  effort.  Figures  4.11- 
4.14  show  the  RHCP  antenna  patterns  in  the  0°  —  180°  plane  and  the  corresponding 
cross-polarized  antenna  patterns  for  both  GPS  frequencies.  It  can  be  observed  that 
the  antenna  patterns  are  not  completely  symmetric  for  the  two  orthogonal  planes  due 
to  the  asymmetry  of  the  rectangular  microstrip  antenna  used  in  these  simulations. 
This  deficiency  can  also  be  improved  with  a  better  feeding  network.  However,  the 
goal  of  this  study  has  clearly  been  met,  namely,  the  ability  to  control  in  real  time  the 
antenna  pattern  beamwidth  by  using  a  parasitic  metallic  ring. 
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Figure  4.11:  Calculated  E rhcp  antenna  pattern  in  <f>  =  0°  —  180°  plane  at  /  = 
1.227  GHz 
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Figure  4.14:  Calculated  E lhcp  antenna  pattern  in  </>  =  0°  —  180°  plane  at  /  = 
1.575  GHz 
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Chapter  5 

Summary  and  Conclusions 


5.1  Accomplishments 

In  this  report,  several  schemes  to  modify  in  real  time  the  radiation  patterns  on  linearly 
and  circularly  polarized  printed  antennas  are  presented.  The  basic  idea  is  to  add 
metallic  strips  around  the  radiating  patch.  The  physical  phenomenon  behind  these 
schemes  is  based  on  the  control  of  surface  waves  excited  on  the  substrate.  These 
guided  waves  can  be  made  to  radiate  in  a  controlled  fashion  by  a  proper  design  of  the 
parasitic  strips.  Furthermore,  the  dimensions  of  the  metallic  strips  can  be  changed 
in  real  time  by  using  switches  such  as  diodes,  transistors  or  RF  MEMS.  This  class  of 
antennas  are  often  referred  to  as  reconfigurable  antennas. 

In  Chapter  2,  we  presented  the  idea  of  using  metallic  strips  connected  with 
switches  to  control  in  real  time  the  E-  and  H-  plane  patterns  of  linearly  polarized  mi¬ 
crostrip  antennas.  In  Chapter  3,  a  metallic-ring  structure,  also  loaded  with  switches, 
was  introduced.  This  structure  is  able  to  modify  in  real  time  the  beamwidth  of  circu¬ 
larly  polarized  microstrip  antennas  at  both  GPS  frequencies  (1.227  and  1.575  GHz). 
One  disadvantage  of  the  above  schemes  is  the  overall  size  of  the  antenna.  Thus,  in 
Chapter  4,  a  smaller  metallic-ring  structure  was  introduced  which  is  able  to  control 
the  patterns  of  circularly  polarized  microstrip  antennas.  Based  on  preliminary  re¬ 
sults,  this  smaller  structure  seems  to  perform  better  than  all  the  previous  schemes. 
The  main  difference  of  the  configurations  presented  in  Chapters  3  and  4  is  that  in  the 
latter,  the  ground  plane  of  the  patch  is  smaller  than  the  parasitic  ring.  This  results  in 
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a  portion  of  the  substrate  without  any  metallic  cover  or  ground  plane.  This  structure 
seems  to  be  responsible  for  the  overall  reduction  in  size. 

Although  the  overall  size  of  the  reconfigurable  antenna  structures  introduced  in 
this  report  is  larger  than  the  well  known  microstrip  patch  antenna  by  itself,  it  should 
be  kept  in  mind  that  this  reconfigurable  antenna  element  can  replace  a  traditional 
phased  array  antenna  at  a  lower  cost.  Another  important  consideration  that  needs 
to  be  considered  is  the  applicability  of  the  above  reconfigurable  antenna  elements  for 
array  applications.  As  mentioned  in  Chapter  1,  if  the  antenna  elements  proposed 
here  were  to  be  used  in  an  array,  they  would  be  designed  with  a  high  gain  (narrow 
beamwidth)  to  avoid  the  problem  of  grating  lobes.  In  other  words,  a  reconfigurable 
antenna  element  would  play  the  role  of  a  sub-array  in  a  large  array  configuration. 

5.2  Suggestions  for  Future  Work 

The  next  step  in  this  study  will  be  the  simulation  of  a  GPS  receiver,  including  the 
antenna  of  Chapter  4,  in  the  presence  of  jamming  signals.  In  contrast  to  most  studies, 
the  full  wave  model  of  the  antenna  will  be  included  in  the  study. 

Further  study  is  still  required  to  optimize  the  antenna  introduced  in  Chapter  4. 
First  of  all,  the  selection  of  a  dual  frequency  RHCP  printed  antenna,  able  to  operate 
at  the  LI  and  L2  frequencies  is  still  pending.  There  are  several  designs  found  in 
the  literature  we  are  currently  evaluating.  Another  alternative  would  be  to  design  a 
wide  band  RHCP  microstrip  patch  able  to  cover  both  GPS  frequencies.  There  are  a 
few  wideband  CP  printed  antennas  found  in  the  literature  that  we  will  also  evaluate. 
The  second  aspect  that  still  needs  some  further  work  is  the  optimum  design  of  the 
parasitic  ring,  the  placement  and  number  of  switches  to  be  used. 

Although  it  is  not  part  of  the  present  research  effort,  another  aspect  that  needs 
to  be  considered  in  the  future  is  the  selection  of  the  switches  to  actually  implement  a 
reconfigurable  antenna  element.  As  mentioned  before,  there  are  several  alternatives 
(diodes,  transistors,  RF  MEMS).  The  selection  will  be  dictated  by  the  cost  and  per¬ 
formance  of  the  switches  at  the  GPS  frequencies.  We  are  currently  holding  discussions 
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with  experts  in  the  field  of  switches  to  determine  the  best  candidate  for  the  present 
application. 
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